North American safflower cultivars can be considered as alternatives for cultivation in light of the limited improvement in the commercially grown and registered cultivars in Brazil. This study aimed to evaluate the initial growth and agronomic performance of North American safflower cultivars in Brazil. The experimental design for North American cultivars included random blocks with six cultivars (S-351, 3307, 8311, 0260, 0210 and S-323) and six replicates. The emergence percentage, emergence speed index, average emergence time, and average emergence speed were determined at 15 days after emergence (DAE). Plant height, stem diameter, number of leaves per plant, fresh plant mass, and dry plant mass were determined at 30 DAE. Plant height, stem diameter, number of branches, number of chapters, number of leaves, fresh plant mass, dry plant mass, fresh root mass, and dry root mass were determined at the flowering stage. The final plant density, number of chapters per plant, 100-grain weight, grain yield, oil content, and protein content were determined at the harvest stage. Cultivar S-351 had the greatest initial growth and exhibited greater emergence and emergence speed index. At 30 DAE, the cultivars did not differ with respect to the accumulation of dry mass and number of leaves. During flowering, cultivars S-323 and 8311 had greater accumulation of plant and root dry mass, as well as a greater number of leaves, branches, and chapters. Cultivars 210 and 260 had higher grain yield, whereas cultivars 3307 and S-323 had higher oil content, and cultivar S-351 had higher protein content.
Introduction
Safflower (Carthamus tinctorius L.) is an annual oilseed of the Asteraceae family, which can be used as an alternative crop in autumn-winter crop rotation systems because of its tolerance to drought and soil compaction (Sarto et al., 2018) . The crop shows productive potential, easy adaptability, and good resource use in clay and sandy soils . Thus, safflower could be used as an energy-producing plant because it is a species with high oil content and can therefore be amenable for biodiesel production (Dordas and Sioulas, 2008) . The species has high cultivation potential, even under adverse environmental conditions (Dantas et al., 2011) . However, the planted safflower area is limited globally owing to lack of information on its management. The cultivation cycle of this crop in its center of origin can reach 240 days, which limits its use in tropical agricultural regions such as Brazil. Cultivated safflower should be tested to ascertain its adaptability, seed yield, and oil quality. Safflower has low economic expression in the country, which may be related to the lack of technical knowledge regarding its management and the lack of available cultivars (Galant et al., 2015) . Safflower cultivation has recently attracted attention from researchers and industries because it is an oilseed with special characteristics, promising with respect to the quantity and quality of its oil . Although this plant has already been studied in southern Brazil for more than a decade, especially for the production of ornamental flowers (Bellé et al., 2012) , few safflower cultivars are registered in the National System of Protection of Cultivars (SNPC). In the current production system in the South, the main summer crop is soybean, which is planted shortly after the beginning of the second harvest or winter crop, called "safrinha", between January and April. In addition to the safflower being an alternative for the winter crop, the resistance of the species to frost renders safflower useful for the late winter crop, between March and April, when the risk of frost makes it difficult to grow maize. Yields of over 2000 kg ha -1 have been recorded for national safflower cultivars under winter cultivation (IAPAR and IMAmt) in the Southwest region of Brazil Santos et al., 2018) and South Brazil (Sampaio et al., 2016; Sampaio et al., 2017; Zanão Júnior et al., 2017) . Brazil has promising climatic conditions for safflower cultivation in the winter; however, there is still a need to select species and cultivars in order to increase the yield in Brazil. The low potential of grain yield and oil content is related to the environmental conditions and the cultivar studied (Çamas et al., 2007; Omid et al., 2012) . Ghamarnia and Sepehri (2010) observed significant differences between cultivars for the number of floral chapters per plant, number of seeds per chapter, and the 100-grain weight. In studies to evaluate the genetic and environmental variation for seed production and oil content, Omidi et al. (2012) found that the success of introducing and developing the safflower in a particular country or region depends to a large extent on the seed yield and oil content. In a study carried out in Iran, the authors found a seed yield of 1,500 to 2,000 kg ha -1 and an oil content of 24 to 29%. Commercial cultivars of safflower are not cultivated under tropical conditions. Our hypothesis is that commercial safflower cultivars could be productive in Brazil. Thus, this work aimed to evaluate the initial growth and agronomic performance of North American safflower cultivars in Brazil as the winter crop.
Results and discussion

Traits measured at 15 DAE
The cultivar S-351 stood out with respect to emergence and the emergence speed index, despite the lower average speed of emergence. The average germination speed of cultivar 8311 was 0.33 days; however, this cultivar had a low emergence percentage (35.5%) ( Table 1) . Maziero et al. (2018) observed variation in the emergence of national safflower genotypes.
Traits measured at 30 DAE
Cultivars 210 and S-323 presented higher plant height at 30 DAE (12 and 13.3 cm, respectively). The other cultivars had similar heights in the range of 10.5 and 11.1 cm ( Table 2) . Santos et al. (2015) observed a height of 13.5-16.5 cm, which was greater that the height recorded in this study at 30 DAE, for cultivars of IMAmt upon dryland cultivation in the Southwest. The higher initial growth of the IMAmt cultivars may be due to greater adaptation of the cultivars to the environment in Brazil, in addition to the favorable characteristics of the soil and climate. For stem diameter, cultivars S-351 and 3307, which presented lower initial growth, were also grouped with the smaller stem diameters of 2.13 and 2.16 mm, respectively. The best-performing cultivars (210 and S-323) had a larger stem diameter of 2.56 and 2.60 mm, respectively, similar to cultivars 260 and 8311. The other variables evaluated at 30 DAE (number of leaves and fresh and dry mass of plant) did not vary among the cultivars. On an average, the cultivars presented 5.6 leaves, a fresh mass of 0.7 g, and a dry mass of 0.07 g (Table 2 ). Despite the variation in height and stem diameter, the accumulation of dry mass at the initial phase did not differ significantly among the cultivars assessed in the present study.
Traits measured at flowering
At flowering, the plant heights of cultivar S-323 and 260 were greater than those of the others (100 and 105 cm, respectively). Plant height ranged from 73 to 105 cm (Table  3) . Plant height is an important characteristic for mechanized harvest as it varies with cultivar and edaphoclimatic conditions. Santos et al. (2017) verified the presence of variation from 0.69 to 0.93 cm for safflower cultivars in the Southwest. Bellé et al. (2012) observed a height of 112 cm upon cultivation in the South. The variation in height observed in previous studies is due to the characteristics of the cultivar studied; however, North American cultivars have similar stature to the cultivars improved in Brazil. Cultivars S-323 and 8311 stood out with respect to the stem diameter, number of branches, and number of chapters. The stem diameter ranged from 11.8 to 7.7 mm, whereas the number of branches ranged from 6.8 to 17.1 branches per plant. Owing to the large number of branches, cultivars S-323 and 8311 presented 27.3 and 32.6 chapters per plant, respectively (Table 3) . Cultivars S-323 and 8311 showed higher accumulation of plant and root dry matter, as well as a higher number of leaves (Table 4 ). Selecting cultivars with a potential for dry mass production enables their use in the form of pasture, forage, hay, and silage, and contributes to the maintenance of straw in a no-till system.
Traits measured at harvest
As noted for initial growth, cultivar S-351 also showed the best performance in terms of a greater number of plants per meter in the harvest (24 plants per meter). Cultivar 8311 had a final population of only 9 plants per meter, similar to cultivar 3307 and S-323 with 12 plants per meter each. Cultivars 210 and 260 had similar populations at harvest, with 16 and 15 plants, respectively ( Table 5 ). The safflower can compensate for spatial variation, producing secondary and tertiary chapters. Sampaio et al. (2017) observed that in the fall (April) in southern Brazil, 16 plants per meter are sufficient, whereas for winter crops (July), more than 20 plants per meter are needed. Despite differences in population, owing to the semi-determined growth habit, safflower can counterbalance this variation with better development with respect to the number of stems and/or loss of some chapters, producing more grains in the remaining chapters (Mündel et al., 1994) . The cultivars did not differ in relation to the number of chapters per plant, with a variation from 17 to 27 chapters (Table 5 ). This fact can be explained by the greater swelling and consequent compensation of the smaller populations of cultivars. Santos et al. (2017) observed variation between 10 and 34 chapters for four cultivars in two types of soils. Sampaio et al. (2016) observed 12 chapters in winter and 9 chapters in the autumn. The number of chapters per plant is affected by the spatial arrangement of plants, as evidenced by the fact that the number of chapters per area decreased with the increase in plant density, as reported by Vaghar et al. (2014) and Sampaio et al. (2017) . The 100-grain weight of cultivars 3307, 8311, 260, and 210 was similar, varying from 2.3 to 2.4 g, although it was higher in cultivars S-351 (1.9 g) and S-323 (1.6 g) ( Table 5) . Santos et al. (2017) observed a variation of 2.6-4.3 g in the Southwest of Brazil. Sampaio et al. (2016) observed the 100-grain weight to be 6.8 g in winter and 4.8 g in autumn when cultivating IAPAR. The 100-grain weight observed for the North American cultivars in the present study was lower than that in the registered Brazilian national cultivars, because the 100-grain weight is affected by the characteristics and genetic background of the plant (Braileanu et al., 2013) . The cultivars 260 and 210 showed higher grain yield in relation to the others. The grain yield was 1,607 and 1,198 kg ha -1 for cultivars 260 and 210, respectively. The other cultivars showed similar grain yield with a variation of 628 to 953 kg ha -1 ( from 900 to 2,600 kg ha -1 for winter cultivation in Southwest Brazil. Sampaio et al. (2016) and Zanão Júnior et al. (2017) observed an average of 3,820 and 4,532 kg ha -1 for national cultivars, respectively, cultivated in the South of Brazil. The grain yield of the North American cultivars tested in the South was lower than that reported previously, which may be due to the non-adaptation of the cultivars to subtropical conditions. The oil content of the North American safflower cultivars was between 12.2 and 23.4%, particularly for cultivars 3307 and S-323 (Table 5) . Sampaio et al. (2016) observed similar content in winter (23.5% for IAPAR). Zanão observed a variation from 23.1 to 29.4%, with an average of 26% for national cultivars. Santos et al. (2018) observed a variation from 23.9 to 30.0% for the IAPAR national cultivar. Santos et al. (2017) recorded a maximum of 45.8% for cultivar 2103 IMAmt in the Southwest. El-Lattief (2013) reported that the oil content of safflower can reach 50%, and oil content is strongly dependent on the genotype (Hang and Evans, 1985) . Omid et al. (2012) reported that the potential for grain production and safflower oil content is related to the environmental conditions and the cultivar studied and also largely determines the success of safflower introduction in a given country or region. Safflower can be used for medicinal purposes, in bird feeding, as an ornamental plant, and in feeding ruminants with the use of hay and pie (Bem Moumen et al., 2015) . The protein content ranged from 7.7 to 16.6% and was the highest for cultivar S-351. Owing to the wide variation, the results revealed five groups of significance, where cultivar 210, which was the most productive (1,607 kg ha -1 ) had the lowest protein content (7.7%). El-Lattief (2013) reported that the protein content in grains can reach 20%, as the seed cake contains 35-45% protein and can be used in ruminant and monogastric feed because it has no anti-nutrient factors (Ebrahimian and Soleymani, 2013) .
Materials and methods
Study site description
The experiment was conducted at the Foundation for Scientific and Technological Development in the Municipality of Cascavel, Paraná, Brazil (latitude 25°00′24″S, longitude 53°17′09″W and altitude of 802 m). The climate is considered Cfa (subtropical climate), with an average annual rainfall above 1800 mm, but with no defined dry season and with the possibility of frost during the winter. The meteorological conditions during the experiment are presented in Fig. 1 . The soil of the experimental area was classified as Rhodic Acrudox (Soil Survey Staff, 2010) . The results of the chemical analysis were as follows: pH 4.47 in CaCl 2 (0.01 mol L -1 ); 50 g dm -3 organic matter; 2.8 mg dm -3 P (Mehlich 1); 0.37 cmol c dm -3 of K + ; 4.1 cmol c dm -3 of Ca 2+ ; 1.5 cmol c dm -3 of Mg 2+ ; 14.8 cmol c dm -3 of cation exchange capacity (CEC); and 40% saturation basis.
Treatments
Six North American safflower cultivars (S-351, S-323, 3307, 8311, 260, and 210) were planted on a no-till system on May 12, 2017. The experimental units consisted of seven 40-m rows with a spacing between rows of 0.45 m and seed spacing of 0.05 m.
Field management
To implement the experiment, the area was cleaned with 950 g i.a. ha -1 of glyphosate. The sowing was performed mechanically, using a seeder-fertilizer machine, regulated to 32 seeds per meter. Fertilization was carried out at 130 kg ha -1 of the 8-20-20 formulation. The pre-emergent herbicide Metolachlor was applied at a dosage of 960 g i.a. ha -1 . On August 1, 2017, nitrogen fertilization was performed with 170 kg ha -1 of encapsulated urea (45% N).
Traits measured
To evaluate initial growth, data were collected at 15 days after emergence (DAE) to determine the emergence percentage, emergence speed index, average germination time, and average emergence speed. The percentage of emergence, average emergence time, and average emergence speed were calculated as described by Labouriau and Valadares (1976) . The emergence speed index was determined by the sum of the number of normal seedlings that emerged daily divided by the number of days elapsed between the sowing and emergence, according to the formula proposed by Maguire (1962) . At 30 DAE, plant height and stem diameter were determined using a pachymeter; the number of leaves per plant and the plant fresh and dry mass were measured. To determine the dry mass, seedlings were placed in a forced circulation oven at 65°C for 72 hours. On September 30, 2017, at flowering, plant height, stem diameter, number of branches, number of chapters, number of leaves, fresh plant mass, dry plant mass, fresh root mass, and dry root mass were determined. At the time of harvest, between October 23 and November 1, 2017, the plant density, number of chapters per plant, 100-grain weight, grain yield, oil content, and protein content were determined. Oil content was determined using the Soxhlet method (IAL, 1985) and protein content was determined using the Kjeldahl method (AOAC, 1995) .
Statistical analysis and experimental design
Data were subjected to analysis of variance in a randomized block design with six replicates. The averages were grouped by a clustering test proposed by Scott and Knott, at a level of 5% (p ≤ 0.05) probability using the software SISVAR® (Ferreira, 2011) .
Conclusion
The cultivar S-351 had the best performance with respect to initial growth, with a greater emergence and index of emergence speed. At 30 DAE, the cultivars did not differ in the accumulation of dry mass and leaves. With respect to flowering, cultivars S-323 and 8311 had greater accumulation of plant and root mass, as well as higher numbers of leaves, branches, and chapters. Cultivars 210 and 260 had the highest grain yield, whereas cultivars 3307 and S-323 had higher oil content.
